-Montiel. Physiological, phenological and productive responses of tomato (Solanum licopersicum L.) plants treated with QuitoMax. 2018. Cien. Inv. Agr. 45(2): 120-127. The objective of this study was to evaluate the foliar application of the biostimulant QuitoMax at concentrations 100, 200, 300 and 400 mg·ha -1 in comparison to a control without the application of QuitoMax on the height and stem thickness of tomato plants. The durations of the plant phenological phases, productive indicators (the number of fruit, bunches per plant, the number of fruits per bunches, the polar and equatorial diameters of the fruit, the mass of the fruit and crop yield), the quality of the fruit expressed as the total soluble solids and acidity, and the commercial quality of the harvested fruits were also evaluated. The highest concentrations of QuitoMax (300 and 400 mg·ha -1 ) were found to produce the most vigorous plants, lengthened the duration of the plant phenophases, and resulted in significantly higher values in the production indicators, including the fresh mass of the fruits and performance. Additionally, they produced fruits with a higher content of total soluble solids.
Introduction
Tomato (Solanum licopersicum L.) is much appreciated and can be consumed either fresh or after being processed. It is estimated that global production reached 130 million tons in 2016 (Freshplaza, 2016) . However, most of the production is obtained under a system of intensive production, with the high use of agrochemicals that can damage human health and the environment (FAO, 1997) .
The use of environmentally friendly alternatives in current agricultural production is a priority for modern agriculture (Espinosa and Molina, 2015) . As a result, organic fertilizers and beneficial microorganisms, such as mycorrhizae, among other alternatives, have been applied in tomato production (Márquez-Hernández et al., 2013; Durand et al., 2013) .
However, recent studies have shown that the application of biostimulants is an attractive and viable alternative in agriculture (Pichyangkuraa and Chadchawanb, 2015, Díaz-Leguizamón et al., 2016) . Among these compounds is chitosan, which is obtained from the exoskeleton of crustaceans. Chitosan has different modes of action, including the inhibition of the growth of fungi and bacteria in vitro and in vivo (Rodríguez-Pedroso et al., 2016) . In addition, chitosan stimulates enzymes and other metabolites in plants and the growth and development of crops (Malerba and Cerana, 2016) . QuitoMax is a liquid formulation based on chitosan (4 g. L -1 , 0.5% acetic acid and 0.07% potassium ions). It has shown high performance in producing stimulating effects in different crops, such as potatoes and beans (Morales et al., 2015; 2016) . Therefore, the aim of this study was to evaluate the effects of different concentrations of QuitoMax on the phenological, physiological and productive indicators of tomato var. Pomodoro, a commercial variety.
Materials and methods
This study was carried out at the "La Playita" Experimental Center of the Technical University of Cotopaxi, La Maná, in the province of Cotopaxi, La Maná, Ecuador. The maximum and minimum temperatures at the site were 23 and 17 °C, respectively, with a relative humidity of 86.83%, an average annual precipitation of 3029.30 mm and 735.70 light hours year -1
. Seeds of the Pomodoro tomato variety from the Agripac company were used to obtain the seedlings. The seeds were planted in 200-well polyethylene trays that contained Sogemix ® moss (PROMIX, Premier Tech, Canada) as a substrate. The irrigation applied to the trays was carried out daily in order to achieve the homogenous emergence of the plants. Then, in a second stage, it was carried out under shaded mesh conditions in a structure that is located at the "La Playita" Experimental Center. The plants were transplanted into 1 kg bags when they had an average height of between 10 and 15 cm; the bags contained a mixture in a 1:1 ratio of course sterile sand plus the same commercial substrate we used in the trays as a substrate. Two plants were placed in each bag to ensure the success of the transplantation process. After the plants were transplanted, irrigation was applied daily using sterile water. QuitoMax was obtained from the National Institute of Agricultural Sciences of Cuba. The treatments consisted of a control and the application of a foliar spray of QuitoMax to the plants early in the morning (8:00 AM) at concentrations of 100, 200, and 300 mg ha -1 20 days after they were transplanted and at the beginning of flowering (25 days after transplantation).
The height of the plants (cm) was evaluated using a millimeter tape, and the thickness of the stems (cm) was determined using a Vernier caliper. In addition, the durations of the phenological phases (in days) of the tomato plants treated with QuitoMax at different concentrations were evaluated. Additionally, all the treatments and their replicates were evaluated in terms of the following variables: the number of bunches per plant, number of fruits per bunch, polar and equatorial diameters of the fruit (in centimeters; measured using a millimeter tape), mass of the fruit (in grams; measured using a technical balance), and agricultural yield.
Fruit quality indicators, such as the content of total soluble solids and acidity, were also evaluated, as well as the fruits from different treatments were classified according to their commercial quality into first, second, and third quality groups and expressed as fruit mass. All measurements were done according to the procedure established in Ecuador (NTE, 2014) .
Statistical analysis
The experimental data were processed using one-way analysis of variance (ANOVA) for each variable evaluated, and Tukey's HSD test (p=0.05) was used for the multiple comparison of means when significant differences among treatments were detected. The statistical analyses were carried out using the program Statistica v. 10.0 for Windows (StatSoft, Inc., 2011) .
Results and discussion
The foliar application of QuitoMax at different concentrations caused significant differences among the treatments in terms of the tomato plant growth variables: height and the thickness of the stem (Table 1) . ) did not show differences from those in the control treatment. Similarly, in the case of stem thickness, the lower concentrations and the 300 mg ha -1 concentration did not differ from the control. However, the plants that received the application of the concentration of 400 mg ha -1 were always significantly taller and had stems that were thicker than those in the rest of the treatments except the 300 mg ha -1 concentration treatment.
These results can be explained by taking into account that chitosan, the active ingredient of QuitoMax, has been recognized as a plant growth biostimulant (Pichyangkuraa and Chadchawanb, 2015) . Its activity has been related to significant chlorophyll content increases in leaves as a result of chitosan application. These increases in the chlorophyll content in leaves may be caused by the enhanced uptake of nutrients by plants, which is affected by the chitosan concentration (Salachna and Zawadzińska, 2014) .
The results also agree with those found by Martínez et al. (2007) , who found stimulation of the growth of tomato var. Amalia plants treated with chitosan, the active ingredient of QuitoMax, but applied to the seeds. Other authors (Rodríguez-Pedroso et al., 2017) have also reported that the application of chitosan stimulates the growth of rice crops, with an increase in root length even under saline conditions, which is related to the greater activation of the antioxidant systems of the plants.
Furthermore, the durations of the phenological phases of the tomato plants were also affected when they were treated with different concentrations of QuitoMax (Table 2 ). When the product was not applied to the seeds, there were no dif-ferences among the treatments in terms of the duration of the phase until massive germination occurred.
However, there was a significant increase in the duration of the phase until the massive flowering of the plants occurred among the plants that received the highest concentrations of QuitoMax (300 and 400 mg ha ) with respect to the rest of the treatments, including the control. Once in the stage of massive flowering until massive fruiting, only the treatment that received the highest concentration of QuitoMax showed differences from the other treatments, while the plants that received QuitoMax at any concentration underwent a significantly longer phase than the control. Additionally, no differences were found among the treatments in the mass maturation stage. However, over the duration of the cultivation cycle, the plants given the highest concentration of QuitoMax had the longest cycle of all, with a cycle of 120 days, compared to 102 days in the control. These results could be explained because the active ingredient of QuitoMax is the chitosan polymer. This polymer has the property of forming a transparent and semipermeable layer to gases on the surface of the leaves, causing moisture retention and stomatal closure (Irriti et al., 2009) , and the temperature of the plant leaves was therefore also decreased. Since cumulative temperature is one of the main factors affecting the life cycle duration in plants (Valdez et al., 2012) , chitosan-treated plants may have a longer life cycle than control plants.
Additionally, the application of different concentrations of QuitoMax caused significant differences in some indicators of tomato var. Pomodoro production ( Table 3) .
The plants treated with the highest concentrations of QuitoMax (300 and 400 mg·ha -1 ) always had significantly better indicators in terms of the number of bunches per plant, number of fruits per bunches, fruit polar diameter, fruit equatorial diameter, fruit mass, and yield than those The results obtained agree with those from other studies that indicate that the application of chitosan to fruits improves their quality and extends their postharvest shelf life (Kerch, 2015; Hewajulige et al., 2015) . In this sense, it is suggested that chitosan stimulates the production of enzymes and metabolites in fruits that can protect them against post-harvest diseases, which has been demonstrated in mango fruits (Gutiérrez-Martínez et al., 2017) . Some of these effects have been observed in strawberry fruits even following pre-harvest foliar applications (Saavedra et al., 2016) , which also occurred in this work, so such effects could occur in a similar way in tomatoes. The results obtained in terms of the productive indicators of the tomato plants treated with the different concentrations of QuitoMax show significant differences among the treatments in terms of the commercial quality of the fruits (Table 5) .
Fruits from plants treated with the highest concentration of QuitoMax (400 mg·ha -1 ) had the highest mass of first and second quality fruits in all treatments, while those in the third quality group did not differ from those in the treatment with the concentration of 300 mg·ha -1
. These results suggest that to obtain the best results in terms of the commercial quality of the fruits, the concentration of 400 mg·ha -1 of QuitoMax must be used. in the control treatment. It should be noted that the application of the highest concentration of QuitoMax (400 mg ha -1 ) always significantly increased the productive indicators over those corresponding to the lowest concentrations except in the cases of the two evaluated diameters, fruit biomass and yield, which did not differ from those resulting from the application of the concentration of 300 mg·ha -1
. These results may have occurred because of an increase in the chlorophyll content in the leaves and enhanced nutrient uptake in the plants treated with chitosan, as has been discussed previously. These effects may cause an increase in plant biomass and yield, as it was found in the results.
The results agree with those reported by several authors who found a stimulating effect of QuitoMax on potatoes and beans (Morales et al., 2015; 2016) , showing the improvement of productive indicators in these crops when QuitoMax was applied foliarly at concentrations in the same range as that used in this work. Better production indicators have been found in different wheat varieties in association with the application of chitosan (Wang et al., 2015) . All this evidence reinforces the biostimulant nature of chitosan in crops and suggests that the same effect may be occurring in tomatoes.
It was also found that the foliar application of QuitoMax causes significant improvement in the quality of tomato fruits (Table 4) .
When applying the highest concentrations of QuitoMax (300 and 400 mg·ha -1 ), a higher content of total soluble solids was found in the fruits, with significant differences between the control and the rest of the treatments. However, no significant differences were found in the acidity or pH of the fruits, although there was a tendency toward decreased acidity when QuitoMax was applied, which can lead to a better taste and a greater consumer acceptance of these fruits. ) resulted in the production of more vigorous plants than the lower doses and the control treatment. In the treatments with these concentrations, the duration of all vegetative and reproductive phenological phases were longer except for the massive fructification phase at maturity. These -1 en comparación a un testigo sin aplicación sobre la altura y el grosor del tallo de plantas de tomate, también se evaluó la duración de las fases fenológicas de las plantas, los indicadores productivos: número de racimos por plantas, frutos por racimos, diámetro polar y ecuatorial del fruto, la masa del fruto y el rendimiento agrícola, así como la calidad del fruto expresada en sólidos solubles totales y nivel de acidez, adicionalmente se evaluó la calidad comercial de los frutos cosechados. Se encontró que las mayores concentraciones de QuitoMax 300 y 400 (mg ha -1 ) produjeron las plantas más vigorosas, alargaron la duración en las fases fenológicas, pero produjeron significativamente los mayores valores en los indicadores de producción incluidos la masa fresca de los frutos y el rendimiento. Adicionalmente propiciaron frutos con mayor contenido de sólidos solubles totales Palabras claves: Bioestimulante, hortaliza, Quitosana.
same concentrations of QuitoMax also resulted in the highest values in the production indicators, including the fresh biomass of the fruits and yield, and they also provided fruits of better nutritional quality with significantly higher contents of total soluble solids and a tendency towards a lower degree of acidity, which favors their better flavor and a consumer acceptance. 
